To investigate the effect of Cenostigma macrophyllum Tul. in the tissue repair process of skin lesions in rats with induced Diabetes mellitus.
Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia and abnormalities in protein, lipid and carbohydrate metabolism. The disease is a public health problem due to its high incidence and prevalence, as well as social and economic repercussions resulting from premature death, work incapacity, and high costs for the control and treatment of its complications 1, 2 . If for some reason alterations occur in the proliferation and migration of fibroblasts, the wound repair process will be delayed 2, 5 .
Nitric oxide is one of the mediators that play an important role in wound healing and has been implicated in DM because reduced levels can cause alterations in vascular permeability and a reduction of capillary flow, causing oxidative stress 6, 7 . 
Experimental groups
The animals were randomly distributed into three groups was prepared using standard procedures 13 , which cannot be provided because of a patent application process.
Induction of Diabetes mellitus

Experimental procedure
Animals of the control and DM groups were not submitted to any treatment. In the DPL group, the animals received a topical application of 0.5 mL of the oil-in-water emulsion of C. macrophyllum once a day for seven, 14, and 28 days. It should be noted that 21 days were necessary for the confirmation of DM since a significant increase of glucose levels and stability of the diabetic syndrome were only observed after this period.
Macroscopic evaluation
For macroscopic evaluation of the wound area, digital images were captured with a Nikon Coolpix P100 digital camera (resolution of 10.6 Megapixels) mounted on a tripod at a constant distance of 30 cm from the surgical wound. All images were analyzed with the ImageJ ® software, delimiting the wound periphery and comparing the initial and final wound area in all groups at the different time points studied. The percent reduction in wound size was calculated using the following formula:
Initial wound area -final wound area / initial wound area x 100.
Histological and histomorphometric analysis
The animals were sacrificed with an overdose of the anesthetic (60 mg/kg sodium pentobarbital). A specimen of interest was removed using a sterile knife with a margin of 1 cm around the wound, identified, fixed in 10% formalin, and submitted to routine histological processing. Semi-serial sections (0.5 mm) were cut and stained with hematoxylin-eosin. Histological and histomorphometric analysis was performed using a Leica DM 1000 light microscope coupled to a digital camera system. 
Statistical analysis
The histomorphometric and nitric oxide results were analyzed statistically by ANOVA, followed by the Tukey test, adopting a 95% confidence interval and a p<0.05. Statistical analysis was performed using the GraphPad Prism 5.0 program.
Results
Comparison of the percent reduction in wound size
showed a signifi cant difference between the C and D groups on Nitric oxide levels differed significantly between the C and DPL groups on day 14 after wounding (p<0.05), i.e., specimens of the DPL group at 14 days presented the highest concentrations of nitric oxide among the groups studied ( Figure 5 ). However, there is no rule that phytotherapeutic agents have similar effects. In this respect, delayed reepithelization of surgical wounds has been observed in a study investigating the effect of a hydroalcoholic extract of Aroeira on the treatment of skin wounds in rats 18 . In contrast, in the present study wounds created in healthy and diabetic rats that were treated with the oilin-water emulsion of C. macrophyllum showed the best wound healing outcomes.
Collagen fiber production starts around day 7 after wounding and increases gradually until day 14. This process is accompanied by a reduction of the inflammatory infiltrate.
The final phase of wound healing begins at about day 21 and is characterized by complete reepithelization of the wound area 9,14-16 .
In contrast, in patients with DM, the inflammatory infiltrate persists in acute and chronic wounds and mainly consists of neutrophils and macrophages. In addition, collagen fiber deposition is reduced, a fact contributing to delayed wound healing. Therefore, studies on the use of natural products for wound treatment in animals with experimentally induced DM investigating the action of these compounds on the inflammatory process may increase the range of products available for clinical application 9 . In this respect, medicinal plants have been applied to wound treatment in animals with experimentally induced DM. Studies using Strychnos pseudoquina and Momordica charantia demonstrated that these plants exert wound healing activity, reduce the inflammatory process, and increase collagen production 8, 9 .
In the present study, a higher percentage of wound size reduction was observed in specimens of the groups treated with C. macrophyllum on days 7 and 14 after wounding. Similarly, the aqueous extract of Strychnos pseudoquina was found to reduce the area of diabetic wounds after 14 days of topical treatment 8 . Topical application of the oil-in-water emulsion of C. macrophyllum Tul.
to skin wounds surgically created in rats with experimentally induced DM also reduced the number of inflammatory cells and increased fibroplasia, demonstrating the positive effects of this extract on wound healing in diabetic rats.
In view of the importance of tissue nutrition for the inflammatory response and tissue repair, the analysis of nitric oxide, a known vasodilator that regulates different activities including the synthesis and remodeling of collagen, permits to evaluate the progression of wound healing 19, 20 . Therefore, this study investigated whether animals with experimentally induced DM have deficient production of nitric oxide as observed in humans.
This deficiency is due to low blood levels of nitric oxide synthase, the enzyme catalyzing the production of this chemical mediator of inflammation. In addition, the concentration of L-arginine, an amino acid that plays an important role in the activation of nitric oxide synthase, is reduced 20 . Studies have used extracts of medicinal plants to investigate their effect on the production of nitric oxide 20, 21 . A study using Helianthus annus showed a close relationship between nitric oxide production and higher activation of L-arginine when the substance was applied to wounds 20 . A similar observation was made with the use of Carica papaya extract on diabetic wounds, which increased the concentration of nitric oxide 20 .
The determination of nitric oxide levels in patients with DM is important because of the effect of this mediator on vascular permeability, oxygen transport, and collagen deposition 8, 19 . In the present study, higher nitric oxide production was observed on day 14 after wounding in animals of the DPL group. This finding suggests that topical application of C. macrophyllum Tul. acts directly on the production of nitric oxide and also on calcium channels, increasing the production of nitric oxide synthase and, consequently, nitric oxide synthesis. The consequent arteriolar vasodilatation increases tissue nutrition and the formation of collagen fibers by fibroblasts and accelerates wound healing in animals with experimentally induced DM.
In summary, the oil-in-water emulsion of C. macrophyllum accelerated wound healing in animals with experimentally induced DM. However, further studies are needed to identify the mechanism of action underlying the increased production of nitric oxide and the active ingredient of the plant associated with this response.
Conclusion
The oil-in-water emulsion of C. macrophyllum Tul. Var.
acuminata Teles Freire accelerated the healing of surgical wounds in rats with experimentally induced Diabetes mellitus, promoting a reduction in wound size and in the inflammatory process and increasing the number of fibroblasts and nitric oxide production.
